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Species-Specific PKC Activation of IKS Channels
Angelica M. Martinez-Perez, Jin O-Uchi, Coeli M. Lopes.
Calciumactivated potassiumchannels (IKs) is a slow activating potassium chan-
nel that is one of the main channels controlling cardiac repolarization. The IKs
channel is formed by a pore subunit, KCNQ1 and an auxiliary subunit, KCNE1.
These can be modulated by two different secondary messenger kinase proteins,
PKAandPKC. Previous reports have suggested that activation of PKCdecreases
the IKs current in mice, while in humans, PKC activation increases the IKs cur-
rent. However the detailed mechanism underlying this species-different regula-
tion of IKs by PKC is not known. Here, we expressed the channel in Xenopus
oocytes by injecting them with RNA encoding for the rat and human KCNQ1
and KCNE1 subunits. In addition, the muscarinic receptor (M1), a Gq-protein
coupled receptor which downstream signaling activates PKC, was also ex-
pressed. We used two-electrode voltage clamp techniques to measure channel
current. We measured the effect of PKC on both channel ability to conduct cur-
rent and voltage to activate the channel by measuring the maximal channel con-
ductance (Gmax) and the voltage that activates half of the maximal current (V1/
2), respectively. Our results shows that upon short acetylcholine stimulation, hu-
man IKs channels showan increase inGmaxand a shift inV1/2whereas rat chan-
nels exhibit a shift in V1/2 without Gmax changes. Finally, prolonged
acetylcholine stimulation abolished Gmax increase on human channels whereas
decreases it on rat channels. Thus, understanding of the PKC regulation of hu-
man IKs current as compared with other species, may allow the development
of specific drugs to control cardiac rhythm pathologies.
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Mechano-Stimulation of Fibroblasts by Adjusting Viscous Drag of Mobile
Cell Linkers in Biomembrane-Mimicking Substrates
Daniel E. Minner, Yu-Hung Lin, Andreas Schoenborn, Wolfgang Goldmann,
Ben Fabry, Christoph A. Naumann.
Recent advancements in the design of polymeric substrates of tunable rigidity
have shown that cells probe the viscoelasticity of their environment through an
adaptive process of focal contact assembly/disassembly that critically affects
cell adhesion and morphology. However, the specific mechanisms of this pro-
cess of mechano-sensitivity have not yet been fully uncovered, in part due to
the limitations of existing engineered cell substrates, which are characterized
by immobilized cell linkers. To overcome this limitation, we here present a bio-
membrane-mimicking cell substrate based on polymer-tethered lipid muli-
bilayers, in which laterally mobile cell linkers enable the free assembly and
disassembly of focal adhesions. In this experimental platform, the mechano-
stimulation of plated cells is accomplished by altering the viscous drag of
cell linkers through the number of lipid bilayers in the solid-supported multi-
bilayer stack. Results from microscopy experiments are discussed, which
illustrate that the number of bilayers in the multi-bilayer stack has a profound
impact on various cellular properties of plated 3T3 fibroblasts, including adhe-
sion, morphology, shape fluctuations, migration, and cytoskeletal organization.
Furthermore, this biomembrane-mimicking substrate is integrated into a force
traction microscopy assay, which confirms that the presence of the fluid multi-
bilayer system leads to a notable reduction in cellular traction forces. Our ex-
periments illustrate that the described biomembrane-mimicking cell substrate is
particularly well suited to monitor plated cells under conditions of weak force
transduction conditions between cells and underlying substrate.
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Molecular-Detailed Modeling of Red Blood Cells in Stokes Flow
Zhangli Peng, Qiang Zhu.
To relate the fluid dynamics loading on red blood cells (RBCs) with the detailed
mechanical loads inside their molecular architectures, we carried out a multi-
physics simulation by coupling a three-level multiscale approach of RBCmem-
branes with a boundary element method (BEM) for the extracellular and
intracellular Stokes flows. Our multiscale approach of the membrane includes
three models: in the whole cell level (Level III), a finite element method (FEM)
is employed to model the lipid bilayer and the cytoskeleton as two distinct
layers of continuum shells. The skeleton-bilayer interaction is depicted as a slid-
ing-only contact. The lipid bilayer possesses a large area stiffness and negligi-
bly small shear stiffness, and the mechanical properties of the cytoskeleton are
obtained from a molecular-detailed model (Level II) of the junctional complex.
The spectrin, a major protein of the cytoskeleton, is simulated using a constitu-
tive model (Level I), including its folding/unfolding reactions. To incorporate
fluid effects, a BEM model is coupled with the FEM model of the membrane
through a staggered coupling algorithm. Using this method, we simulated the
tumbling, tank-treading and swinging behaviors of RBCs in shear flow andRBC dynamics in capillary flow. The predicted cell shapes, motion frequencies,
membrane stress and their dependencies on the fluid viscosities are in excellent
agreements with existing studies. Furthermore, we predicted the protein density
variation of the cytoskeleton and the interaction force between the lipid bilayer
and the cytoskeleton in the molecular level. The results showed that sufficiently
large fluid dynamics loading may lead to structural failure and remodeling of
the cytoskeleton and its connections with the lipid bilayer. Finally, we found
that the lipid bilayer and the cytoskeleton may undergo a ‘double’ tank-
treading with slightly different frequencies in shear flow with high shear rates.
2380-Pos Board B366
The Non-Equilibrium Thermodynamics andKinetics Governing Focal Ad-
hesion and Cytoskeletal Dynamics: Application to Cancer Cell Motility
Joseph E. Olberding, Aslan Dizaji, Michael Thouless, Ellen M. Arruda,
Krishna Garikipati.
We consider the chemo-mechanical growth dynamics of actin stress fibers
(SFs) and focal adhesions (FAs). Free energy changes drive the binding and un-
binding of proteins to SFs and FAs,
thereby controlling their dynamic modes
of growth, treadmilling and disassembly
via four mechanisms (Ref. 1) : (a) work
done during addition of protein mole-
cules, (b) the chemical free energy
change associated with the addition of
protein molecules, (c) the elastic free energy change of deforming SFs, FAs,
cell wall and substrates (d) the work done by molecular conformational
changes. We treat these dynamics as nonlinear kinetic processes driven by
out-of-equilibrium thermodynamic driving forces. The above four mechanisms
admit the full range of experimentally-observed behavior. The model has been
coupled with cellular structure to explain the observed modes of motility in
highly metastatic breast cancer cells of the MDA-MB-231 cell line, as well
as in genetically-modified versions of this line. The graphc shows a grey FA
with elastic elements and binding/unbinding proteins.
Reference
[1] Olberding JE, Thouless MD, Arruda EM, Garikipati K (2010) The Non-
Equilibrium Thermodynamics and Kinetics of Focal Adhesion Dynamics.
PLoSONE 5(8): e12043. doi:10.1371/journal.pone.0012043
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Biophysical and Biochemical Studies of Bacterial Predation
Megan E. Nunez, Eileen M. Spain, Megan A. Ferguson.
The ubiquitous Gram-negative bacterium Bdellovibrio bacteriovorus preys
upon a wide variety of other Gram-negative bacteria, even those living in the
relatively protected environment of a biofilm. Bdellovibrio swims through
the environment propelled by a long polar flagellum. After collision with and
recognition of a prey cell, it burrows into the prey periplasm where it digests
the cellular contents and multiplies into progeny cells. Though the basic param-
eters are known, any questions remain about this organism and its life cycle.
How does the predator find its prey, and once found, how does it recognize
it? How does the predator penetrate the prey cell? What molecules and chem-
ical signals are involved in communication between cells during Bdellovibrio’s
life cycle? Our collaboration uses a wide variety of biophysical and biochem-
ical techniques, including atomic force microscopy, Langmuir Blodgettry, nu-
clear magnetic resonance spectroscopy, and microfluidics to attempt to answer
some of these questions, and to demonstrate that despite its diminutive size
Bdellovibrio is a complex and fascinating organism.
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Crawling Cells Can Close Wounds Without Purse Strings or Signaling
Charles W. Wolgemuth, Pilhwa Lee.
When a gash or gouge is made in a confluent layer of epithelial cells, the cells
move to fill in the ‘‘wound’’. In some cases, such as inwounded embryonic chick
wing buds, the movement of the cells is driven by cortical actin contraction (i.e.,
a purse stringmechanism). In adult tissue, though, cells apparently crawl to close
wounds. At the single cell level, this crawling is driven by the dynamics of the
cell’s actin cytoskeleton, which is regulated by a complex biochemical network,
and cell signaling has been proposed to play a significant role in directing cells to
move into the denuded area. However, wounds made in monolayers of Madin-
Darby canine kidney (MDCK) cells still close even when a row of cells is deac-
tivated at the periphery of the wound, and recent experiments show complex,
highly-correlated cellular motions that extend tens of cell lengths away from
the boundary. These experiments suggest a dominant role for mechanics in
wound healing. Here we present a biophysical description of the collective mi-
gration of epithelial cells during wound healing based on the basic motility of
single cells and cell-cell interactions. This model quantitatively captures the dy-
namics of wound closure and reproduces the complex cellular flows that are
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ical process that is modified, but not produced, by cell-cell signaling.
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Video Force Microscopy (VFM): A New Technique that Allows Cell-Level
Driving Forces to Be Determined from Time-Lapse Images
G. Wayne Brodland, Vito Conte, P. Graham Cranston, Shane Hutson,
Florian Ulrich, Buzz Baum, Mark Miodownik.
For purposes of video force microscopy (VFM), the forces in the cells of an em-
bryonic epithelium are assumed to consist of active forces, which can be math-
ematically resolved into equivalent forces along cell boundaries, and passive
forces associatedwith deformation of the cytoplasm and its contained organelles
and intermediate filament network, which are represented by an equivalent vis-
cosity,mu.All triple junctions in the time-lapse images are tracked over time and
finite element techniques are used to estimate the forces that must act on the pas-
sive components of each cell to deform them as observed. A mathematical in-
verse method is then used to determine the forces that must act along each cell
edge in order to produce the net forces needed at each triple junction to drive
the observed deformations. The technique has been successfully applied to
multi-photon cross-sections of Drosophila embryos undergoing ventral furrow
formation. There, it revealed that the ventral furrow is produced by contractions
that vary smoothlywith time andposition in the apical surface of the presumptive
mesoderm, by apical-basal contractions in the cells of this tissue and, surpris-
ingly, by spatially more uniform basal contractions in the ectoderm. It was
also able to quantify the sometimes subtle forcemodifications present inmutants
that generate abnormal phenotypes. The indicated force alterations are consis-
tent with known genotype-specific structural protein changes. When applied to
wound healing in embryonic epithelia, it was able to quantify the forces gener-
ated in the purse string that closes the wound and the surrounding cells. It both of
these contexts, VFMwas able to quantify the forces that drive observedmorpho-
genetic movements and to do so with sub-cellular spatial detail and sub-minute
temporal resolution.
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The Role of the Scar/WAVE Complex in the Mechanics of Cell Migration
Effie Bastounis, Ruedi Meili, Baldomero Alonso-Latorre, Juan-Carlos del
Alamo, Richard Firtel, Juan Lasheras.
Cell motility is integral to a wide spectrum of biological phenomena. It requires
the spatiotemporal coordination of underlying biochemical processes, resulting
in cyclic shape changes associated with mechanical events (themotility cycle).
A major driving force of cell migration is the dendritic polymerization of actin
at the leading edge, regulated through the nucleation activity of the Arp2/3
complex, activated by the Scar/WAVE complex. Our aim is to understand
the effect of the different components of the Scar/WAVE complex in the me-
chanics and in particular the motility cycle of migrating cells.
For this purpose, we acquired time-lapse recordings of cell shape and traction
forces ofDictyostelium cells migrating on deformable substrates. We compared
results for wild-type cells and cells lacking the Scar/WAVE complex proteins
PIR121 (Sra-1/CYFIP/GEX-2) (pirA-) and SCAR (scrA-). We find that muta-
ntcells move slower than wild-type, while maintaining the overall characteris-
tics of the mechanical interaction with the substrate, attaching at front and back
and contracting inwards. Although the distribution of applied forces is un-
changed, their magnitude is lower than in wild-type for scrA- cells and higher
for pirA- cells. This correlates with the F-actin content of the different cell lines
corroborating a role for F-actin in determining the level of the traction stresses.
In pirA- cells regularity of the motility cycle (quasiperiodic repetition of shape
changes and strain energy deposited) seems to be reduced compared to wild-
type. This suggests that proper regulation of the Scar/WAVE complex and
its role in F-actin turnover is essential for amoeboid motility.
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Conceptual Models for Synthetic Bipedal Motors
Sara Sadeghi, Nancy R. Forde, Gerhard A. Blab, Martin J. Zuckermann,
Heiner Linke.
Biomolecular nano-motors have provided the inspiration for the design and
construction of artificial nanoscale motors and machines based on several types
of molecule including DNA. However, no synthetic nano-motors have yet been
constructed from building blocks of protein-based material even though biomo-
tors themselves are proteins. The HFSP motor group (1) are in the process of
developing a bottom-up approach to the understanding of bio-motors by de-
signing and constructing synthetic protein motors and numerically simulating
their kinetic properties. One such concept is the ‘‘tripedal tumbleweed’’ motor
(1) and another is the ‘‘Inchworm’’. In this context we present the results of nu-
merical simulations for a bipedal motor with two connected peptide legs and
a simple model for the ‘‘inchworm’’ motor in terms of harmonic bonds. These
motors walk on a one-dimensional track of periodically arranged binding sites.The sequence of binding sites on the track of each motor is AB-AB-AB..... and
the motors are powered by a temporally periodic sequence of composite washes
which modulate the ligand concentrations and the leg angles. The washes cause
the motors to undergo directed motion by a hand-over-hand mechanism and an
inchworm mechanism, respectively, on a track with asymmetric spacing be-
tween the AB and the BA binding sites. We will show simulation results for
two-dimensional motor action which includes stepping diagrams, stall forces
processivity and first passage times for a range of parameters. These motor
has the following properties observed for biological molecular motors: binding,
power stroke and diffusional search. Extensions of the model will also be dis-
cussed. 1. E. Bromley et al. HFSP Journal Vol. 3 pp.204-212, (2009).
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Mechanical Control of Bacterial Cell Shape
Hongyuan Jiang, Fangwei Si, William Margolin, Sean X. Sun.
The most visible phenotype of an organism is its geometrical shape, yet a mech-
anistic connection between genotype and the organismal shape is elusive. For
bacterial cells, several genes have been implicated in cell shape determination,
including the cytoskeletal filaments bundles such as MreB, which controls
whether the cell takes on a spherical or a rod-like shape. Here we describe
the role of cell wall growth, mechanics and cytoskeletal filaments in determin-
ing the bacterial cell shape. We show that a growing rod-like cell by itself is
mechanically unstable. But this growth-induced instability can be suppressed
by cytoskeleton filaments such as MreB. We propose that MreB exerts an ad-
ditional force on the cell wall. We use simulation and experiments to demon-
strate the negative control of cell shape by MreB. In the process, we
demonstrate that our model explains a range of MreB function, including: (a)
Depletion of MreB leads to a reversible transformation from a short rod to
a sphere. (b) Over-expression of MreB results in the filamentation of bacterial
cells. (c) The depolymerization of MreB helix around the septum is a prerequi-
site for cell division. (d) Partial disassembly and non-uniform distribution of
MreB can lead to the bulging of a filamentous cell.
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Cells CRAWL from Soft to Stiff Surfaces as Myosin-II Polarizes the
Cytoskeleton
Matthew D. Raab, Dennis E. Discher.
Scarring in the heart after a myocardial infarction, or scarring in the skin after
wounding - lead to rigidification of tissue through extensive collagen crosslink-
ing and can also lead to homing of adherent mesenchymal stem cells (MSCs).
‘Durotaxis’ describes the tendency for a cell to crawl from a soft, collagen-
coated gel to an adjacent stiff matrix, but clear evidence for accumulation of
any cell type has been lacking as has insight intomolecularmechanisms.We cul-
tured humanMSCs onmatrices with scar-like gradients in elasticmodulus (stiff-
ness) that are on order of 10 Pa/micron and document a bias in migration toward
the stiff matrix with proliferation-independent accumulation taking just a couple
of days. As found with other cell types, MSCs on stiff substrates show myosin-
IIB is polarized toward the rearwhile the centrosome andmicrotubule (MT)-net-
work are polarized toward the front, but such polarization is surprisingly absent
from cells on soft substrates.Withmyosin-II inhibition, we find cells on stiff ma-
trix crawl faster whereas cells on soft matrix are initially impeded but then tran-
sition to motile cells as their centrosomes and MT-networks polarize as they
would on stiffmatrix.Whilemyosin-II is required for contractility but notmigra-
tion, MTs are required for any migration - including durotaxis - but contractility
on gels remain intact after destabilization of MTs. The model gel results thus
show that the progressive polarization of myosin-II on stiff substrates is partic-
ularly key to durotaxis. The broader relevance of this conclusion is tested with
decellularized heart tissue that permits an examination of MSC adhesion, con-
traction, and migration. Decellularized heart tissue was stiffened with chemical
crosslinking to increase elastic modulus measured with atomic force micros-
copy. We see that this increased stiffness alters cell migration behavior.
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How Deeply Cells Feel: From Soft Matrices of Controlled Thickness to
Nuclear Readouts
Amnon Buxboim, Edward C. Eckels, Dennis E. Discher.
Tissue cells constantly probe their surroundings. They lack eyes to see and ears to
hear but sense their microenvironment by adhering and physically deforming,
which allows cells to feel into the depths of amatrix. To address howdeeply cells
feel we cultured mesenchymal stem cells, as prototypical but particularly sensi-
tive adhesive cells, on collagen-coated gels-made microfilms of controlled elas-
ticity (E) and thickness (h). After just 36 hrs in culture, cell spread area was
distinctively smaller on thick and soft compared to either thin or stiff films, cor-
relatingwellwith nucleimorphology. Transition from small-to-large spread area
was obtained at<5microns gel thickness, which defines a tactile length scale for
mechanosensitivity. Matrix-dependent cytoskeletal organization exhibits
